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A DIGITAL COMMUNICATION RECEIVER AND A METHOD FOR THE 
OPERATION THEREOF 



Technical Field 

The present invention relates to digital communica- 
tion receivers of the type, which is adapted to communicate 
with a digital communication transmitter across a communi- 
cation channel and which comprises a channel estimator for 
providing a channel estimate of the communication channel 
based on a received signal, an equalizer for estimating a 
sequence of transmitted symbols and providing a sequence of 
decided symbols based on the received signal and the chan- 
nel estimate, and a channel tracker for producing an up- 
dated channel estimate based on the received signal and the 
decided symbols and for supplying the updated channel esti- 
mate to the equalizer. The invention is also directed at a 
wireless communication device, for instance a radio tele- 
phone, incorporating such a digital communication receiver, 
for instance a TDMA. receiver. 

Moreover, the present invention relates to a method 
of operating a digital communication receiver, where a 
channel estimate of a communication channel between the 
receiver and a corresponding communication transmitter is 
produced from a received signal , and where a sequence of 
decided symbols is produced from the received signal and 
the channel estimate. 



Description of the Pri 
Digital communicatioi 
widely uaed in modern 
most modern systems for 
tion are based on digita 
two well-known examples 
the digital communication 
considerable level of comp! 



communication 



mol(\Lle 



or Art 

receivers as set out above are 
systems. For instance, 
or cellular telecommunica- 
mmunication, GSM and EDGE being 
digital communication system, 
eceiver necessarily requires a 
exity in order to be able to 
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handle signal distortion, auc l as multi-path propagation, 
and still be able to decode d ita transmitted from a digital 
communication transmitter. On* pronounced problem is that 
the radio channel between the transmitter and the receiver 
is time- varying, the reason for this being either that the 
host communication device itself (the device in which the 
receiver i9 incorporated, sucr^-alTa mobile telephone) is 
moving, or that external objfe :ts are moving (for instance 
cars or trains) and generate spurious reflections of the 



may reach the receiver. There 
receiver technology, which is 



10 transmitted radio wave, which 
is consequently a need for a 
able to adapt to the time-va: ying real-life environment. 

In Time Division Multiple Access (TDMA) , used for 
instance in GSM, the information is transmitted in bursts 

15 from the transmitter across the radio channel to the re- 
ceiver. Each burst contains information-carrying data, the 
contents of which are unknown a priori to the receiver, as 
well as a known training sequence. The training sequence is 
used for the purpose of synchroni2at ion and channel estima- 

20 tion in order to perform coherent detection of the received 
signal . 

FIG 1 illustrates a TDMA receiver architecture of the 
prior art. The buret is received at an antenna 1 as a radio 
or microwave signal having a carrier frequency of e.g. 900 

25 MHz or 1B00 MHz. A front-end receiver 110 receives the sig- 
nal from the antenna 1, processes it and converts it down 
to a baseband signal y t . The front-end receiver 110 com- 
prises various well-known components, such as filters, am- 
plifiers, mixers and local oscillators. 

30 The received baseband signal y c is fed to a synchro- 

nizer 120, which ia arranged to correlate the known train- 
ing sequence with the received signal y e , which contains 
the same training sequence, wherein the synchronizer 120 is 
able to locate a synchronization position. The received 

35 signal y c is then fed together with the located synchroni- 
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zation position to a channel estimator 130. The channel es- 
timator 130 is arranged to determine an estimate, H, of the 
radio channel. 

As a next step, the received baseband eignal y c , the 

5 channel estimate H and the synchronization position are all 
supplied to an equalizer 140 , which - based on a predeter- 
mined channel model - demodulates the received signal y t in 
order to estimate the transmitted data. The channel model 
may for instance be expressed as: 

10 Y t - H T U t +e t , 

where H = [h 0 , . . . , h L ] T are complex-valued channel filter 
taps, U c = [u c , . . . ,u c _ L ] T are a vector with the transmitted 
symbols, and e t represents noise. This channel model is 
further described in Digital Communications, by J. Proakis, 

15 Mc Graw-Hill, New York, 1995, which is fully incorporated 
herein by reference. 

In other words, the equalizer 140 is arranged to es- 
timate the transmitted symbols, u t . The equalizer 140 pro- 
vides as a first output a sequence of decided symbols u c 

20 and as a second output a qualitative information M c (la- 
beled Metric in FIG 1) , which is a measure of how close to 
the transmitted symbols the estimated symbols are. This 
qualitative information will be used when the received sig- 
nal is processed further. Commonly, the qualitative infor- 

25 mat ion, M c , is based on a squared distance between the re- 
ceived sequence and the predicted received sequence given 
the decided symbols, i.e.: 

M t = ly t -y-J 2 = ly c -H T u c K 
where U t = [u t , . . . , u\_J T ie a vector with the decided sym- 

30 bols. It is observed that if M c has a small value, then the 
estimated channel H « the real channel H roal , i.e. the esti- 
mated channel filter taps are essentially correctly esti- 
mated, and furthermore U = U cranflTOicce(1 , i.e. the estimated 
symbols are correct. 
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The procedure above exhibits good performance, if the 
host communication device is not moving too rapidly. Under 
such conditions, a reasonably valid assumption is that the 
channel filter tape H are constant during one burst of 

5 transmitted information. However, when the velocity of the 
host communication device increases, the radio channel 
starts changing over the burst, which means that the chan- 
nel estimate obtained by way of the training sequence will 
not be valid for the entire data sequence within the burst - 

10 For instance, for a TDMA receiver used in GSM, where OMSK 
modulation is utilized on the 1800 MHz band, performance 
starts to degrade, when the velocity of the host communica- 
tion device increases above 100 - 200 km/h. In an EDGE sys- 
tem, where 8-PSK modulation is utilized, which is more sen- 

15 sitive to distortions than GMSK modulation, at the same 

frequency, performance starts to degrade already at veloci- 
ties around 50 km/h. Thus, in order to handle this problem, 
a channel tracker is required. 

A previously known TDMA receiver architecture with a 

20 channel tracker is shown in FIG 2 . As in FIG 1, the burst 

received by the antenna 1 is converted to a received base- > 
band signal y t by a front-end receiver 210. The received 
signal is correlated with the known training sequence by a 
synchronizer 220 in order to find the synchronization posi- 

25 tion, and then the channel is estimated by a channel esti- 
mator 230 in correspondence with what has been described 
above for channel estimator 130 of FIG 1. * 

The channel estimate H ft is an. initial estimate,, which 
is used to start up an equalizing process performed by an 

30 equalizer 240. As has already been described above with 

reference to FIG 1, the equalizer 240 estimates a sequence 
of decided symbols d t ae well as qualitative information 
(Metric) . The decided symbols u c are supplied together with 
the received signal y t to a channel tracker 250, which up- 

35 dates the channel estimate H t for each time instant t = 
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l,...,N, where N is the duration of the burst. The channel 
estimate H c is subsequently fed back to the equalizer 240, 
which will use the updated channel estimate in order to de- 
modulate C c ,!, and so on. 

5 By using a channel tracker 250, problems can be man- 

aged, that are otherwise associated with host communication 
devices travelling at high velocities . However, the channel 
cracker 2S0 of the prior art receiver shown in FIG 2 is 
used constantly during all operational times, which means 

10 that a lot of unnecessary data processing is performed by 
the receiver, even when the velocity of the host communica- 
tion device is low and good performance may be obtained 
without using a channel tracker. Moreover, since the 
channel tracker 250 is U9ed all the time, the current 

15 consumption is undesiredly high for a previously known re- 
ceiver, like the one illustrated in FIG 2. 

Summary of the Invention 

It is an object of the present to provide an improve - 

20 ment to digital communication receivers as described above 
in terms of current efficiency, i.a. 

The above object has been achieved by the provision 
of a controller, which determines and evaluates the momen- 
tary quality of the communication channel and in response 

25 generates a control signal, which is used for enabling or 
disabling the channel cracker in a way, so that the channel 
tracker is only active in circumstances, where so is needed 
(when the quality of the communication channel is degraded 
due to e.g. high-velocity movement of the digital communi- 

30 cation receiver) . 

Thus, according to the invention the channel tracker 
is turned on or off based on the current radio channel con- 
ditions. The decision whether to turn the channel tracker 
on or off may be based on the qualitative information out- 

35 put from the equalizer. The decision may alternatively be 
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based on a comparison between new channel estimates at the 
end and/or at the beginning of a buret and an initial chan- 
nel estimate. By using the channel tracker only when neces- 
sary, processing power consumed by the receiver can be re- 
5 duced, thereby allowing longer operational times between 
battery chargings in a portable host processing device, 
such as a mobile or cellular radio telephone. 

Other objects, advantages and features of the present 
invention will appear from the following detailed disclo- 
10 sure of preferred and alternate embodiments, from the ap- 
pended claims as well as from the drawings. 

Brief Description of the Drawings 

The present invention will now be described in more j 
15 detail with reference to a preferred and an alternate em- 
bodiment in conjunction with the attached drawings, in 
which : 

FIGs 1 and 2 are illustrations of two communication 
receivers of the prior art, 
20 FIG 3 is a schematic block diagram illustrating a 

digital communication receiver according to a preferred em- 
bodiment , 

FIG 4 is a schematic block diagram illustrating a 
digital communication receiver according to an alternate 
25 embodiment , and 

FIG 5 is a triple-graph diagram illustrating the 
typical appearance of the qualitative information output 
from the equalizer of the receiver t .in three different 
situations. 

30 

Detailed Disclosure of Embodiments 

Referring first to FIG 5, it is observed that the be- 
havior of the qualitative information output (M^, Metric) 
of the equalizer depends on which kind of distortion, that 
35 is affecting the received signal y c . Three different typi- 
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cal behaviors of the qualitative information are shown for 
a receiver without any channel tracker (i.e. like the one 
illustrated in FIG 1) for three different scenarios. The 
fact that the receiver haa no channel tracker means that 

5 the channel estimate obtained during the training sequence 
will be used for the entire bur9t. 

The uppermost graph of FIG 5 illustrates a scenario, 
where white noise represents the dominating distortion. It 
appears that the qualitative information is quite constant 

10 during both the training sequence (TS) and the information 
sequence (Data) . 

In the second graph, the dominating distortion origi- 
nates from a co-channel interferer, i.e. a remote transmit- 
ter, which is transmitting on the same carrier frequency. 

15 Since the co- channel interferer might not be synchronized 
with the desired signal, only some part of the burst may be 
distorted (in PIG 5, the rightmost portion of the second 
graph) . 

In the lowermost graph of FIG 5, the distortion is 

20 due to high velocity of the host communication device, im- 
plying that the communication channel is time -varying and 
changing over the burst. Since the channel taps, H, used in 
the equalizer are estimated during the training sequence 
and are therefore optimized for the center of the burst (in 

25 the example Bhown in FIG 5) , the qualitative information 
increases at the end of the burst. This behavior of the 
qualitative information can be used according to the inven- 
tion for determining whether the channel tracker needs to 
be enabled or not. 

30 FIG 3 illustrates a digital communication receiver 

300 according to a preferred embodiment of the invention. 

In similarity with the prior art receivers shown in 
FIGs 1 and 2, the digital communication receiver 3 00 is 
connected to an antenna 1 for receiving a radio or micro- 

35 wave signal transmitted by a digital communication trans- 
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mitter. The radio or microwave Bignal ia supplied to a 
front -end receiver 310 r which converts the signal down to a 
received baseband signal y K , in similarity with what has 
been described above with reference to FIGs l and 2. The 

5 front -end receiver 310 comprises various components known 
per se, such as filters, amplifiers, local oscillators and 
mixers, all of which are well-known to a man skilled in the 
art. Consequently, the internal structure of the front-end 
receiver 310 is not dealt with further herein. 

10 The received signal y c is supplied to a synchronizer 

320, which correlates a known training sequence with the 
received signal y t containing the same training sequence, 
wherein the synchronizer 320 is able to locate the synchro- 
nization position. The received signal y t is supplied to- 

15 gether with the synchronization position to a channel esti- 
mator 330. which estimates the channel, H, in a way essen- 
tially similar to what has been described with reference to 

FIGs 1 and 2. 

The received signal y t , the channel estimate H, and 

20 the synchronization position are then supplied to an equal- 
izer 340, which modulates the received signal in order to 
obtain the transmitted data. As was described already with 
reference to FIGs 1 and 2, the equalizer 340 provides a 
first output in the form of a sequence of decided symbols 

25 0 C and a second output in the form of a qualitative infor- 
mation (Metric) . 

The decided symbols Q t are supplied together with the 
received signal y t to a channel tracker 350, which will up- 
date the channel estimate H t for each time instant 

30 t « 1,...,N, where N is the duration of the buret. The up- 
dated channel estimate H c is then fed back to the equalizer 
340 through a switch 3 60, on condition that the switch 360 
assumes a closed position. As will be described below, the 
switch 360 i9 controllable through a controller 370. If an 

35 updated channel estimate H t is in fact fed back through the 
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closed switch 360 to the equalizer 340, the equalizer 340 
will use the updated channel estimate H c when demodulating 
u Ct1 , and so on. 

As mentioned above, a controller 370 is provided in 

5 the communication receiver 300 shown in FIG 3. The con- 
troller 370 has a firet input for receiving an updated 
channel estimate H c from the channel tracker 350. The con- 
troller 3 70 also hae a second input for reading the quali- 
tative information Metric provided by the equalizer 340. 

10 Based on the qualitative information, the controller 370 
determines and evaluates the quality of the communication 
channel in order to decide whether the channel tracker 350 
needs to be used or not. To thi9 end f the channel tracker 
350 is enabled and disabled, respectively, via a control 

15 signal from the controller 370 (labeled "Tracker y/n? n in 
FIG 3). In the preferred embodiment of Fig 3, this control 
signal is given a first value when the channel tracker 350 
is to be enabled, and a second value when the channel 
tracker 350 is to be disabled, 

20 The controller 370 is coupled to an electronic memory 

390 (preferably a non-volacile memory such as a flash mem- 
ory, an (EE) PROM memory or an SRAM memory) for storing a 
predetermined threshold value, i.e. an upper limit, for the 
qualitative information (Metric) from the equalizer 350. 

25 This upper limit defines an acceptable limit for a differ- 
ence, preferably a squared distance as described above, be- 
tween symbols in the received signal (y t ) and symbols in a 
predicted received signal given the decided symbols (u c ) . 
In other words, the qualitative information is representa- 

30 tive of a degree of correspondence between the received 

signal and the decided symbols, and the controller 3 70 uses 
the predetermined upper limit ao a criterion for determin- 
ing whether the qualitative information does not meet this 
criterion, and consequently, whether the control signal 
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"Tracker y/n?" will have to be given ics first value, indi- 
cating, that the channel tracker 350 needs to be enabled. 

The controller 370 may be realized as a programmable 
microprocessor, a programmable logic array, other logic 
circuitry, diacrete logic gates and components, etc. 

In the communication receiver 300 Bhown in FIG 3, as- 
suming that the channel tracker 350 has been enabled at ■ 
some previous moment of time by the controller 370, the 
controller 3 70 is also adapted to determine whether the 
channel tracker 350 may be disabled (turned off) . In this 
case, it is less suitable to use the above qualitative in- 
formation produced by the equalizer 340, since the channel 
tracker 350 will try to follow the variations in the commu- 
nication radio channel, implying that the qualitative in- 
formation produced by the equalizer 340 will be approxi- 
mately constant during the entire burst. Instead, the chan- 
nel estimates H c are supplied to the control unit 370, 
which will use these for determining whether the channel 
tracker 350 may be turned off or not. For instance, if H„ ~ 
H e t *rt a H tnd , where H 0 is the initial channel estimate and 
H gwrl , H end are the channel estimates at the beginning and 
the end of the burst, respectively, then the quality of the 
radio channel is acceptable, and the controller 370 deter- 
mines that the channel tracker 350 may be turned off or 
disabled by giving the control signal "Tracker y/n? n a sec- 
ond value, as previously described. 

On the other hand, if I |h 0 - H Bcarc | I » 0 and I |h 0 - 
H*nd I I » °< the controller 340 decides to continue using 
the channel tracker 3 SO and, consequently, gives the con- 
trol signal "Tracker y/n?" its first value, as previously 
described. The control signal "Tracker y/n?" is also sup- 
plied to the switch 360 for setting it to an open and 
closed position, respectively. 

Referring now to FIG 4, an alternate embodiment of 
the communication receiver 400 is Bhown. The antenna 1, 
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front-end receiver 410, synchronizer 420, channel estimator 
43 0, equalizer 440, channel tracker 450 and memory 490 are 
all essentially identical to the antenna 1, front-end re- 
ceiver 310, synchronizer 320, channel estimator 330, equal- 
izer 340, channel tracker 350 and memory 390 of FIG 3, and 
the description thereof is not repeated now. 

In contrast to FIG 3, on the other hand, the communi- 
cation receiver 400 of FIG 4 does not uae the qualitative 
information. Metric, when determining whether the channel 
tracker 350 ia to be enabled or disabled. Tnstead, the de- 
cided symbols, u e , are supplied to a second channel estima- 
tor 480. Based on the decided symbols at the beginning and 
the end of the buret, new channel estimates, H„ arc and H end , 
are obtained by the second channel estimator 480 and sub- 
mitted to the controller 470. If | |h 0 - H« art || » 0 and Mh 0 
- H end l I » 0, the controller 4 70 decides to enable the 
channel tracker 4S0 by providing its control signal 
"Tracker y/n? M with a first value, wherein the channel 
tracker 4 50 will be ready to be used when the next burst is 
received. The decision whether to turn the channel tracker 
450 off is made in essentially the same way, as has been 
described above with reference to FIG 3. 

The digital communication receivers 300 and 400 shown 
in FIGs 3 and 4 are particularly well adapted to be incor- 
porated in -a portable radio telephone, such as a GSM mobile 
telephone. Alternatively, a digital communication receiver 
according to the invention may very well be incorporated in 
a base station in a mobile telecommunication system, such 
as a GSM base station. However, the present invention is 
not limited to these examples, and the digital communica- 
tion receiver according to the invention may be incorpo- 
rated in virtually any host communication device. Other em- 
bodiments than the ones described above are equally appli- 
cable within the scope of the invention, as defined by the 
appended independent claims. 



